Wireless Sensor Network is becoming progressively important and challenging research area. A wireless Sensor Network consists of spatially distributed sensor nodes to monitor physical and environmental condition to pass their data through the network to a base station. Base Station in a Sensor Network is usually a node with high processing power, high storage capacity and the battery used can be rechargeable, the base station can be utilized to collect data from each sensor node in the sensing area by moving closer to the transmitting node. Base station design parameters, such as base station antenna height and effective radiated power (ERP) are determined by trading-off two design objectives: (a) coverage and (b) economic efficiency which are found to be in conflict. It is evaluated that the conventional approach is unable to optimize these design objectives simultaneously while with PSO algorithm, it is possible to find a set of values for base station antenna height and ERP that trade-off between cell coverage and its economic efficiency. In the proposed method, the fitness function is formed by taking weighted sum of two design objectives as mentioned. A homogeneous traffic environment is evaluated with the proposed technique. This paper also focuses on energy efficient protocol for the movement of mobile base station using PSO method in wireless sensor Network. Simulation results demonstrate that the proposed protocol can improve the network lifetime, data delivery and energy consumption compared to the existing energy efficient protocol developed for this network.
INTRODUCTION
Wireless Sensor Network (WSN) are an emerging technology [1] that has potential application in surveillance ,environment and habitat monitoring ,structural monitoring and healthcare, and disaster management [2] . A wireless sensor network (WSN) consists of spatially distributed autonomous sensors to monitor physical or environmental conditions, such as temperature, sound, pressure, etc. and to cooperatively pass their data through the network to a main location. Wireless Sensor Network should operate with minimum possible energy to increase the life of sensor node.
Protocol and algorithm in sensor network must possess in order to achieve this target. The challenges in the designing and managing of sensor network rely on combination of the constraint in energy supply and bandwidth and deployment of large number of nodes [3] .The design of sensor network seldom includes its sensor nodes and base station. Cell coverage and economic efficiency are two main design objectives in mobile communication systems, especially in designing base station. Ideally, these two design objectives are to be maximized simultaneously but due to the inherent conflict this cannot be achieved in practice. Realistically, a trade-off between these design objectives is made while designing base station and conventional approaches are unable to provide suitable solutions in this regard. This paper presents an efficient method to base station design parameters, such as base station antenna height and effective radiated power .Another important thing is the energy consumption of wireless sensor network .Recently, base station replacement has started to be considered as one of the approaches to improve performances of wireless sensor network in terms of energy, throughput and latency [4] [ 5] [ 6] [ 7] [ 8] .Normally, the base station is located far from the sensing area, therefore all other sensing nodes will use high power to transmit its data to this far base station and this will result in high power energy consumption. In some situation, the base station can be placed in the middle of a sensing area. However, in this case, a sensor node that is located at the edge of the sensing area will consume more energy to transmit data to the base station compared to sensor nodes that are located near the base station. This will create unbalanced energy consumption among all sensor nodes and furthermore reduce the network energy efficiency. The main idea in improving the energy consumption of wireless sensor networks is to move the base station towards the sources of the greatest traffic. This can be done by using PT*ETR, where PT is traffic density and ETR is transmission power. The base station will relocate to a new position when PT*ETR value is greater than a certain threshold. When routes to the base station is congested, request for establishing new paths for real-time data may be denied and this will increase the data delivery delay of the sensor networks. Consequently, the repositioning of the base station can be valuable to spread the traffic by increasing hops and the feasibility for meeting the timeliness requirements. In critical environment such as military deployment, not all location of the base station is safe. The base station must be protected, where all the important data is gathered.
PARTICLE SWARM INTELLIGENCE OPTIMIZATION
PSO is a population based optimization technique developed by Eberhart and Kennedy in 1995 [9] . In PSO, the potential solutions, called particles, fly through the problem space following the current optimum particles. Each particle keeps track of its coordinates in the problem space, which are associated with the best solution (fitness) it has achieved so far (the fitness value is also stored). This value is called pbest. Another best value that is tracked by the particle swarm optimizer is the best value obtained so far by any particle in the swarm called gbest. Each individual in PSO flies in the search space with a velocity which is dynamically adjusted according to its own flying experience (pbest) and its companion's experience (gbest), so that the individuals of the population can be expected to move towards better solution areas. Each individual is treated as a volume-less particle in the D-dimensional search space. The particles are manipulated according to the following equations, (1) describes how the velocity is dynamically updated and Equation (2) the position update of the "flying" particles. Equation (1) consists of three parts. The first part is the momentum part. The velocity can't be changed abruptly. It is changed from the current velocity. The second part is the "cognitive" part which represents private thinking of itself -learning from its own flying experience. The third part is the "social" part which represents the collaboration among particles -learning from group flying experience. The commonly used PSOs are either global version or local version of PSO. In the global version of PSO, each particle flies through the search space with a velocity that is dynamically adjusted according to the particle's personal best performance achieved so far and the best performance achieved so far by all the particles. In the local version of PSO, each particle's velocity is adjusted according to its personal best and the best performance achieved so far within its neighborhood. The neighborhood of each particle is generally defined as topologically nearest particles to the particles at each side. A local version of PSO with time varying inertia coefficient is used in this research work.
RESULT & DISCUSSION
In this research work for placing Base station we have used initially multi-objective PSO algorithm. In base station placement of wireless sensor network, coverage and economy efficiency are always found to be in conflict. So a multiobjective employed to trade-off between the conflicting design objectives. A multi-objective PSO algorithm is developed based on weighted sum approach where the fitness function is formed by taking weighted sum of two design objectives The energy efficient algorithm is another important task of this research work. The performance measurement of the proposed protocol is accomplished via simulation using Network Simulator (NS2) version 3.34. A wireless sensor network consisting of 100 nodes that are placed randomly within an area of 100m x 100m is modeled in the simulation. Each sensor node is supplied with 10 joules of initial energy. The base station is placed in the middle of sensing area with coordinate (50, 50) and has an unlimited amount of energy. In this work, it is assumed that the base station can move with constant speed, which is 20m/s. Once the base station reaches the intended destination, it will stop for a certain period, ttx for data collection. After the end of TDMA schedule in one cluster, the base station moves to the next cluster to collect more data. Each round, T is set to last for 100 seconds, while the number of visiting sites is 5. There are 81 base station feasible sites which are organized on a bi-dimensional square grid. Throughout the simulations, several random network topologies were considered to get the average results. The simulations continued until the entire sensor nodes in the network had consumed all their energy. The network parameters are summarized in Table 1 . The values for parameters used in PSO algorithm are problem specific and empirically determined by simulations. These values are listed in Table 2 . In order to evaluate the capability and efficiency of the proposed algorithm, the performance of the proposed protocol is compared with another PSO-based energy efficient protocol proposed in [10] .All the simulated protocols are described as below:
• PSO-C1: This is a clustering protocol using PSO algorithm as presented in [10] .
In this protocol, all sensor nodes send the data to the base station through their cluster head that are selected by base station.
• PSO-C2: A sensor network is clustered using PSO algorithm as in [10] . During data collection phase, the base station moves to a feasible location that is nearest to cluster heads and the order of location is determined by nearest-neighbor algorithm.
• PSO-MBS: This is the proposed protocol considering the economic efficiency and coverage efficiency. Figure 2 shows the number of sensor nodes alive over timeforPSO-C1, PSO-C2 and PSO-MBS. As shown in the figure, the lifetime of the proposed protocols PSO-MBS is significantly increased compared to PSO-C1 and PSO-C2. The network lifetime for PSO-MBS can be extended up until around 41,000 seconds which is 14 times longer than protocol presented in [10] . The improvement made is due to the closer distance between sensor nodes and the base station and therefore less energy is taken for data transmission. Since the sensor nodes in a cluster transmit the data to the base station in single hop communications without relaying through the cluster heads as in PSO-C1 and PSO-C2, the total energy usage in the network is reduced and hence prolonging the network lifetime. PSO-C2 shows better result than PSO-C1 because the cluster head sends the data to the base station when the base station moves to the nearest feasible site and this further reduce the energy dissipation for communication.
Next, the performance of PSO-MBS is analyzed in terms of how well it maximizes the number of data messages that can be sent over a network before all sensor nodes run out of energy. Figure 3 depicts the result of total data delivered to the base station within simulation time. The plot clearly indicates the effectiveness of the proposed protocol in delivering more data messages compared to PSO-C1 and PSO-C2. PSO-MBS offers improvement over PSO-C1 by the factor of 100 percent. This is a significant improvement which proved that the proposed protocol can optimize the network performance not only in terms of network lifetime, but also data delivery. Meanwhile, despite the fact that some sensor nodes remain alive for longer time in PSO-C2 than PSO-C1, a much smaller amount of data has been transmitted to the base station. Nevertheless, the figure also indicates that the proposed PSO-MBS is more suitable to a delay tolerant type of network. As it can be observed from the figure, PSO-C1 gathers data more quickly than other protocols due to the fact that cluster heads send the data the sensor nodes have to wait until the base station moves to dedicated feasible sites before they transmit the sensed data. It is thus can be said that this approach trades data delivery latency for the reduction of energy consumption and moreover, longer network lifetime. There are around 600,000 data messages are received at the base station when all 100 sensor nodes are still alive for PSO-MBS. This is clearly shown in Figure 3 which depicts the number of nodes alive as a function of data delivered to the base station. Given that the network lifetime for PSO-C1 is shorter than the proposed approach, only around 100,000 data messages are sent to the base station for 100 nodes alive. Finally, the performance of the proposed protocol is measured in terms of energy efficiency as depicted in Figure 8 . The networks in protocols PSO-C1 and PSO-C2 consume the energy more quickly compared to PSO-MBS. In PSO-C1 and PSO-C2, energy in the network is mainly being utilized for data communication between cluster heads and base station, as well as between sensor nodes to the base station. This is because, direct communication occurs between cluster heads and the base station for data transmission and between the sensor nodes and the base station for location update purposes. Therefore, these sensor nodes consume higher energy to communicate with the base station due to the longer distance between them. On the contrary, sensor nodes in PSO-MBS consume lower energy to transmit the data to the base station since the base station moves closer to them. 
CONCLUSION
PSO algorithm or swarm intelligence has gained popularity in Wireless Sensor Network. Wireless Sensor Network using PSO algorithm is gaining popularity in modern days. In this research work, multi-objective PSO algorithm has been used for the placement of base station and for the base station movement proposed PSO-MBS algorithm works better in accordance with the simulation results. The simulation suggests that the proposed PSO algorithm can be effectively utilized for the placement of carrier mobile base station for wireless sensor network.
